INTRODUCTION
Natural convection boundary layer flow along various geometrical shapes such as vertical flat plate, cylinder, sphere, vertical wavy surface etc, have been studied by many investigators and it has been a very popular research topic for many years. The viscous dissipation effect plays an important role in natural convection in various devices which are subjected to large deceleration or which operate at high rotational speeds and also in strong gravitational field processes on large scales (on large planets) and in geological processes. The natural convection from an isothermal vertical wavy surface was first studied by Yao 1 and using an extended Prantdl's transposition theorem and a finite-difference scheme. He proposed a simple transformation to study the natural convection heat transfer from isothermal vertical wavy surfaces, such as sinusoidal surface. Moulic and Yao 2 also investigated mixed convection heat transfer along a vertical wavy surface. Combined effects of thermal and mass diffusion on the natural convection flow of a viscous incompressible fluid along a vertical wavy surface have been investigated by Hossain and Rees 3 . Wang and Chen 4 investigated transient force and free convection along a vertical wavy surface in micropolar fluid. Natural and mixed convection heat and mass transfer along a vertical wavy surface have been investigated by Jang et al. 5 and Jang and Yan 6 . The influence and importance of viscous stress work effects in laminar flows have been examined by Gebhart 7 and Gebhart and Mollendorf 8 . In both of the investigations special flows over semi-infinite flat surfaces parallel to the direction of body force were considered. Gebhart 7 considered flows generated by the plate surface temperatures and Gebhart and Mollendorf 8 considered flows generated by plate surface temperatures. Zakerullah 9 has been investigated the viscous dissipation and pressure work effects in axisymmetric natural convection flows. In the present study, the effect of viscous dissipation on natural convection flow of viscous incompressible fluid along a uniformly heated vertical wavy surface has been investigated. The governing partial differential equations are reduced to locally non-similar partial differential forms by adopting some appropriate transformations. The transformed boundary layer equations are solved numerically using finite difference method known as Keller box technique 10 described by Keller and later by Cebeci and Bradshaw 11 along with Newton's linearization approximation. Numerical results have been obtained in terms of local skin friction coefficient and the rate of heat transfer in terms of local Nusselt number, the velocity as well as the tempreture profiles for a selection of relevant physical parameters are shown graphically and in tabular form.
FORMULATION OF THE PROBLEM
Steady two dimensional laminar free convection boundary layer flow of a viscous incompressible and electrically conducting fluid along a vertical wavy surface in presence of uniform transverse magnetic field is considered. It is assumed that the wavy surface is electrically insulated and is maintained at a uniform temperature T w . The surface temperature T w is greater The boundary layer analysis outlined below allows ) ( X σ being arbitrary, but our detailed numerical work assumed that the surface exhibits sinusoidal deformations. The wavy surface may be defined by
where α is the amplitude and L is the wave length associated with the wavy surface.
The governing equations of such flow of magnetic field in presence of heat generation with viscosity variation along a vertical wavy surface under the usual Boussinesq approximations can be written in a dimensional form as:
where (X, Y) are the dimensional coordinates along and normal to the tangent of the surface and (U, V) are the velocity components parallel to (X, Y), g is the acceleration due to earth gravity , P is the dimensional pressure of the fluid, T is the temperature of the fluid in the boundary layer, C P is the specific heat at constant pressure, µ is the dynamic viscosity of the fluid in the boundary layer region depending on the fluid temperature, ρ is the density, ν is the kinematic 
Using Prandtl's transposition theorem to transform the irregular wavy surface into a flat surface as extended by Yao [1] and boundary layer approximation, the following dimensionless variables are introduced for non-dimensionalizing the governing equations 1 4 ,
where θ is the dimensionless temperature function and (u, v) are the dimensionless velocity components parallel to (x, y) and Gr is the Grashof number. Now introducing the dimensionless dependent and independent variables into equations (2)- (5), the 
It is worth noting that the σ x and σ xx indicate the first and second derivetives of σ with respect to x, therefore,
In the above equations Pr, Q and Vd are respectively known as the Prandtl number, heat generation parameter and viscous dissipation parameter, which are defined as
For the present problem the pressure gradient ( 0 p x ∂ ∂ = ) is zero. Thus, the elimination of y p ∂ ∂ / from equations (9) and (10) 
Now we introduce the following transformations to reduce the governing equations to a convenient form:
where f(x, η) is the dimensionless stream function, η is the dimensionless similarity variable and ψ is the stream function that satisfies the continuity equation (8) and is related to the velocity components in the usual way as
Introducing the transformations given in equation (15) and using (16) into equations (13) and (11) are transformed into the new co-ordinate system. Thus the resulting equations are
The boundary conditions (14) now take the following form:
Here prime denote the differentiation with respect to η. 
RESULTS AND DISCUSSIONS
The effects of viscous dissipation on natural convection flow of viscous incompressible fluid along a uniformly heated vertical wavy surface have been investigated. Although there are four parameters of interest in the present problem, the effects of viscous dissipation Vd, the heat generation parameter Q, Prandtl number Pr and the amplitude of the wavy surface α on the surface shear stress in terms of local skin friction coefficient, the rate of heat transfer in terms of the local Nusselt number, the velocity and temperature profiles, the streamlines and the isotherms. Numerical values of local shearing stress and the rate of heat transfer are calculated from equations (22) and (23) Fig. 7(a) , it is observed that at x =1.51, the skin friction coefficient increases by 292.87% due to the higher value of viscous dissipation parameter Vd. However, the values of rate of heat transfer are found to be 0. 
CONCLUSIONS
The effects of the Prandtl number Pr, the heat generation parameter Q, the viscous dissipation parameter Vd and the amplitude of wavy surface α on natural convection flow of viscous incompressible fluid along a uniformly heated vertical wavy surface have been studied. From the present investigations the following conclusions may be drawn: For the higher values of Prandtl number Pr the velocity profiles, the temperature profiles decreases slowly and finally approach to zero, the rate of heat transfer Nu x, decreases while the skin friction coefficient C fx initialy decreases and at the position of x =1.0 becomes constant that is skin friction meet at the point and then cross the side and increasing with Prandtl number Pr .
Increasing values of the heat generation parameter Q the velocity, the temperature and the skin friction coefficient C fx increases. The rate of heat transfer coefficient Nu x decreases due to the increased value of the heat generation parameter Q.
Improved value of the viscous dissipation parameter
Vd the velocity profiles, the temperature profiles and the local skin friction coefficient C fx,, increases.The rate of heat transfer coefficient Nu x decreases due to the increased value of viscous dissipation. strength.
NOMENCLATURE

C fx
Local skin friction coefficient 
